Evaluation of Polar Effects in Hydrogen Atom Transfer Reactions from Activated Phenols.
Evaluation of polar effects in hydrogen atom transfer (HAT) processes is made difficult by the fact that in most cases substrates characterized by lower bond dissociation energies (BDEs), activated from an enthalpic point of view, are also more activated by polar effects. In search of an exception to this general rule, we found that the introduction of a methoxy substituent in the 3-position of 2,6-dimethylphenol results in a small increase in the O-H BDE and a decrease of the ionization potential of the phenol. These findings suggest that the enthalpic effect associated with the addition of the m-methoxy group to 2,6-dimethylphenol will decrease reaction rates, while the polar effects will increase reaction rates. Our model analysis of polar effects has been experimentally validated by comparing the reactivity of 2,6-dimethylphenol with that of 2,6-dimethyl-3-methoxyphenol in HAT promoted by a series of radicals (cumyloxyl, galvinoxyl, 2,2-diphenylpycrylhydrazyl, phthalimide- N-oxyl, and benzotriazole- N-oxyl radicals). In line with our predictions, the ratio of HAT rate constants ( kH mOMe/ kHH) is larger in cases where there is a greater contribution of polar effects in the HAT reaction, i.e., in HAT promoted by N-oxyl radicals containing electron-withdrawing groups or when more polar solvents are employed.